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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TNVESTIGATTON OF BIGE-LIFT AND STALI-CONTROL DEVICES
ON AN NACA 6L4-SERTES h42° SWEPTBACK WING
WITH AND WITHOUT FUSELAGE .

By Robert R. Greham and D. William Coznner
SUMMARY

An investigation has been confucted in the Lengley 19-Ffoot
pressure tumnel on a L42° sweptbeck wing of aspsct ratic 4, taper
ratio 0.625, end with NACA 6h—series airfolil-sections to gtudy
severcl proposed dsvices for incressing the maximum L1ft coef-
ficlent ond improving the longitudlnal stebility characteristics
of gweptbeck wings at the stall. Devices investlgeted individually
snd in comblnation wers leading-edge flaps and slats, tralliing-edge
gpllt end extended split Tlaps, upper—surface split flaps, and upper-
surface fences. The devices wers investlgated with and without a
fuseloge mounted on the wing. The Reynolds numher for the test
results presented was 6,840,000 but the effects of varying the .
Reynolds number ‘through & range from 3,000,000 to 6,840,000 wers .
algo investigated 'on some configuretions.

The results of the investigation indicete that s combination
of leading-edge high-1ift devlices over the outer portion of the
wing with tralling-edge flape over the inner portion of the wing
eppears to offer a solution to the problem of obtaining a reasocnable
maximum 1i¥t coefficient and longitudinally steble charscterlstics
at the shall for sweptback wings. Of the two ldadinpg-edge devices
investigated, flap and slat, the leading-edge flzp hed the better
characteristics. The maximm 1ift coefficient of the wing increased
rapidly as the span of the outboard lesding-edge flap was extended
inboard, but & critical flap span exists bsyond which further exten-—
glons inboard would result in unfavoreble pitching-moment character—
istics at the stell. For a given flap span the maximum 1ift coef—
ficient increased 2bove that for the wing alone as the wing wss
reised on the fuselage.

The installation of upper—surface fences for configurations with
lezding-odge devices improved the longitpdinasl stebility character—
istics Just below the maximm 1ift coefficient but hed little effect
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beyond maxlimum 1ift. Oubboard uwpper-surface flaps deflected up 30°
improved the pltching-moment characteristics at the stall for those '
usteble configurations where only small positive pitching-moment
increases ccourred for angles of attack beyond the stell.

The leading~edge flaps caused the lateral—stabillt;y paremeters
to reach lerger values 7esar maxlmum 1ift by exbending the linezr
range of the varlation of the parameters with 1ift ccefficlent

Verying the Reynolds number from 3,000,000 to 6,800,000 had
a negligible effect on the characterlstics of the wing with lecding-
odge flap or slat.

INTRODUCTION

Wind--tunnel tests in the lLangley 19-foot pressure tunnel
(rof'erence 1) showed that a 12° sweptback wing of aspect ratio 4
and N..CA 6&1—112 alrfoll sectiong was longltudinally unsteble at

the stall and also kad relatively low values of maximum 1ift coef-~
ticlent even with sewmlspan split flaps., Preliminery teste of
geveral devices which could be expected to incrssse the meximum
11t coefficilent or improve the sbablillbty charccteristics at the
stall shoved promising results (reference 2); hence, the erfects
of these deovices and addltional dsvlces have been studied in
sregter detail, The results of bobh investigations are swmarized
In the present report.

Devices investigated were leadlng-edge fleps and slats,
tralling-edge split and extended split flaps, upper-surisce spllt
flaps, and upper- surface fences. The devices were investigated
individually end in various comblnations on the wing with and
without a fuselago. The effects of the leading-edge flops on
the lateral gtabllity characterlstics of the wing with ond without
the fuselage were also investigated.

The main part of the investigatlion was conducted at a Reynolds
number of 6,840,000 but the effects of varying the Reynolds number
through a range from 3,000,000 to 6,840,000 were determined fox
gome of the combinstions. '

COEFFICIENTS AND SYMBOLS

A1l date are referred to the stebility exes as shown in figure 1.
The moments are referred to the quarter—chord point of theo mean
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serodynemic chord of the wing regardle_sé of"i’usel'a.ge' location.
The coefficients and symbols used in this report are defined as
follows: '

oy 1ift coefficient (L/qS)

CI’ma:c maximum lift coefficient

C].) drag coefficient (D/¢S).

Cy lateral-force coofficient (Y/qS)

¢, rolling-moment covefficient (L'/qSb)

Cp pitching-moment coefficient (M/qS8)

Cn vawing-moment coefficient {N/qSb)

R Reynolds number {pVE/n)

M, Mech number (V/a)

o engle of attack of :r.l'oot-chord: line, degyrees

14 sngle of yaw, positive when right wing is back, degrees

G, rate of change of rolling-momsnt coefficient with engls
V . ‘of yaw (BC-L/ oY) per degree

Cp, rate of change of yawlng-moment coefficient with angle
¥ of yaw (Ecn/aﬁf) per degree '

Cy . rate of change of la.t‘eral-_-force cecofficient with angle
¥ of yaw (ECY/ 3¥) per degroe

L li‘i"b

D drag

¥ lateral force

t ro.;l_lins ‘moment

M © pitching moment

N yawing moment

] wing srea
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b ving span perpendicular to plane of gymuetry

g " mean sorodynamic chord ‘al/ﬂb/e -Jd§ measgured parailel to
plane of symmetry Yo '

¢ local chord parallel to pléﬁéjof éyﬁmééfy

¥y gpanwige coordinate o ) l

q free—stream dynamic preséuré (%ﬁvé)

free—gtream voloci%yl ' )

o mass dengity of air -

H coefficlent of viscogity

a velocliy of sownd -

8., deflection of upper—surface flap

MODEL AND APPARATUS

"The principal ‘dimensions of the wing and fuselage are shown
in figure 2. The wing hes an angle of sweepback.or 42° at the
leading edge, an aspect ratio of 4.01, a taper ratic of 0,625,
and alrfoll sections of NACA 6h1~112 perpendicular to the 0.273 chord

line. The 0.273 chord line corresponds to the guarter—chord line of
the panels before they were swept back, The tips are roundsd off

in both plan form and elevation beglnning at 0.975 b. The wing he:
no geometriec dihedral or twist.

Detalls of the various high-lift end stall-control device:s
tested on the wing are shown in figure 3. The chord of the leadling—
edge flep (fig. 3{a)) wes approximately 1h.3 percent of the wing
chord at the tip and 8.5 percent at the root. The %-—inch—diameter

=

tube at the leeding edge of the flap wes about the same radius as
the everage leasding-edge radius of the wing., Figure 4 shows the
flap installed on the wing. The slat (fig. 3(b)) hed the same
contour at the leading edge and on the upper surface as the basic
wing. The wing was cub out to fit the lower surface of the slat
80 that in the retracted position the slet formed the leading cdgs
of the wing. Figure 5 shows the slat instelled on the wing.
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The tapered leading—edge flap {fig. 3{c)) wag designed %o
taper both in chord and in radius of curvature from zero chord,

‘and the wing-leading-edge redius at the inboard .end (O 125 R 2

gtation) ' to a chord of 0.2lc end a radius of 0.30c at ‘the

' _outboara. ond (o 975 R station)

The normal split flaps (fig. 3(a)) extended. over the inboard
50 percent of the wing span on the wing alone and on the low—wing
fuselage combination. When the midwing and high-wing fuselages
wesre in place, a sectlon of. the flap 12.3 pesrcent of the wing
span was removed at the center to allew clearance for the fusela.ge.
The same flaps were also tested in en’ extended arrangement
(fi1g. 3(e)) where the hinge line was mSved to the wing trailing
odgs. Tho upper-~surface flaps (fig. 3(f)) were gimilar to the

‘normel split flaps except that they deflected from the upper
" surface over the ouber portion of the wing, .

The fences (fig. 3(g)) installed on the upper surface of the
wing were mounted in a vertice_'l. plane pa.ra.llel to the plane of

"syminetry.

A sharp leading ea.ge on the inboard 50 percent of the wing
gpan was simulated by a l—inch~-wide thin metsal strip which formed
an extenslon of the chord plane.

The fuselage (fig, 2) had circular cross sections and a
Tineness ratio of 10,2 to L., The section of the fuselage inter—
sectbed by the wing had a constant dlamster. Percentages of this
dismeter were used to fix the three verticel locations of the
wing root 0.273 choxd point with respect to the fuselage center
line., The locebions were 37.5 percent bslow, O percent, and
37.5 percent above for the low—wing, midwing, and high-wing
fuselags combinations, respectively., In each of the. three posi-
tions the wing chord plens had a positive incidence of 2° with -
regpect to the fuselege center line. No flllets were used in. .
the wing-fuselage juncbure. The high-wing fuselage combination
1s shown mounted for testing in figure 6.

TESTS

The tests were made in the La.ngley l19—foot pressure tunnel

with the air in the tunnel compressed to 2%— otmospheres. To
obtain the characteristics of the wing with the various high-—lif'b

and. sta._l-control d.evices , measurements of 1ift, drag, and
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pitching moment were made through a range of angle of attack of the
wing from near zero lift to beyond maximum 1ift. Stall character—
lgtics weve gbuilied by means of visusl observations of tufts
attached to the wing upper swurfese beginning at 20 percent of the
wing chord. The tests were made at a Reynolds number of 6,840,000
and a Mach number of O0.1lk4, but the effects of varying the Reynolds
number through a range from 3,000,000 to 6,840,000 were determined
Tor some configurations.

To obtain an indication of the effects of the leading-edge
flaps on the lateral stability characteristics of the wing,-
measurenents were mode of the 1ift, rolling moment, yawing moment,
and gide force through a range of angles of attack at angles of
yaw of 0% and ¥5°, Lirt, drag, pitching-moment, rolling-moment,
yewing-moment, and side—force weasurements were also made through
e range of angle of yaw, at en angle of attack of 19,5°., The yaw
tests were made at e Reynolds number of 4,350,000 and a Mach number
of 0,10.

The model mounted in the tunnel for the pltch tests 1s shown
in figure 6(a) and Ffor the yaw tests in figure 6(b).

RESULTS AND DISCUSSION

The data presented herein have been corrected for tarc and
interference effects of the modsl supports and for Jet~bouniarJ
offects as dlgcussed In reference 1.

The results of the tests of the various high-lift and stall-
control devices on the wing slone are sumarlzed in teble I and
on the wing-fuselege combinotlons in teble II. More complete
data for some of the configurations tested are presented in
figures T to 22.

Characteristics of Wing with Various'Devices 

Leading-edge flaps.- The effects of the leading—edge flaps of
various gpana on the characteristice of the wing with znd without
trailing~edge flaps are shown. in figure 7 and are swmerized in
table I. The lesding-edge flaps.extended the lift curve of the
wing by deleying the stall to a higher angle of attack and,
consequently, & higher 1ift coefficlent. The increment In CLmax

increased rapldly ag the span of the leadiné‘edga flap approached
full wing span. When the leadling-edge flaps covered only the outer
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portion of the wing, the stell over that portion of the wing was '
delayed wntil after the inboard portion of the wing had stalled
rosulting in o steble pitching momsnt at the stell., (Ses fig. 8.)
When the leading-edge flap extended over the full gpan of the wing,
the stall was deleyed over the entire .spen of the wing but the
initial stall ocourred at the wing tips resulting in an unstable
stall glmilar 'bo that of the wing without leading—oa.ge fleps.

The positive slops of the pitching—momsnt-—coefficicnt cuxrve
in the low-l1ift range was increased by the lesding-edge flap by
zn amount that varied with flap span. The drag of the wing with
or without trailing-edge flaps was increased in the low~1ift
renge by the leeding-edge flaps, bub the increment of drag did not
vary with leeding-edge flep span. -Reaxr Cy the drag of the

wing with 0.575 %-—span leading-edgs flaps showed a rapld incresme--

with 1ift coefficient, but as the span of the flaps was increased,
the drag coefficlent fmoree.sed. less rapidly wi"'h 11t cosfficient.
(See fig. 7.)

The sffects of cubbtling the ends of the °laps perallel to the
alr stream instemd of perpendicular to the leadling edge and of
removing the clay fairing et the trailing edge of the flap {but
gtill leaving the Junction sealed) were foumd to be negligible.
Varying the Rernolds number from 6,840,000 to 3,000,000 had o -
negligibls effect on the cha.ra.cteristics of the Wing with leeding—
edge flap.

Leading-edgs -slats with spllt flaps.— The e?fects of 0.575. ---spa.n

slats combined with spllt fla.ps are shown in Tigures 9 end 10 end
table I. At en angle of attack of 16°, a emell ares of stalled filow
apueared at the Inboard end of the slnt eccompenlied by large eress

“of rough flow over the oubter sections of the wing psnels with

rosulting unfavorable changes in the esrod;menic characteristicsa,

At this attitude, the lift—cuvrve slope decreesed ebruptly, the ‘drag
coefficiont increased repidly; and the pitching-mcment curve broke
In an unsteble direction. Beyond the first stall, s further incresse
in angle of -atteck brought -cbout sn increased area of inbozrd stall
vhich caused the pliching-moment curve to reverse and have a stable
slope through the maximum lift coefficient, The meximim 1ift coef—
flcient was increased only = slight amount and the lift-cuwrve poak
was extremely flat. Measurementa of the velocity gradienmt in the
slat gep Indicasted that, near the wing surface, large losses in
velocity cccurred st engles of 'ettack sbove 14°, . .

Installing the slats increased the drag of the wing throughout
the lift range. Varylng the Reynolds number from 6,840,000
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to 3, 000 000 had a- nsgligible effect ohn thée characterietios of ‘the
wing with slate extonfed.. EIERE C e

Upper-surface fences. Upporbsurface fences tested on the

inflapped wing produced ne: aerodynamic changes and therefore these
data are not presented. When installed on the wing with slats
extended, however, upper—surface fences improved the characteristics
(fi1g. 9). ‘Throush a smell range of angles of attack below stall,
the ‘cross flow wag reduced, rough.flow over the duter portlons of
the wing was delayed, and reglons of separated flow wérc réstricted
to areas inboerd of the fence, (See fig. 10.) As a vesult the
unstable pltching-moment bresk below maximwm Llift was sliminnted
end the 1i1ft coefficilent was increased about O 1lat an angle of
attack of 25°,

Unper—gurface gpllt flgps.é Outboard upper-surface flaps on the

't ywing without leading-edge flape improved the pitching-moment charac—

teristics at the stall, Deflection of 0.575 A~ §pan outboard upper-

. aurface flaps caused s positlve shift In nltching-moment coefficient
in the low and moderste- 1ift range (fig. 11). The effectivensess

of, the flap to produce a change in pitching moment: decreased with
1ncreasing 1ift resulting in a stadbilizing gradient of nitching
moment. "Abt the stall the effectiveness disappeared completely and

. with an up deflection of 30° the valus of the pitching moment through
the stall was constant, With thie deflection the span of the flap
was reduced ta 0,30 % gpan thereby decreaging the shift In pitching-

moment coefficient in the low and moderste 1lift range without
affecting the charscteristics of the flap at the stall (fig. 12).
Through most of the 11ft range below the stall the 1lift coefficient
was reduced 0.12 and the drag coofficlent was increased 0.02k by

the agdition of the 0.30 —-span upper—surface aplit flap deflected
up 30%,

The data for these tests were obtained after the wing leading
edge was modifiled to incorporate the retracted slat, and the maximum
1lift -coefficient of the basic configuration was dbout 0.1 lowsr than
that shown for the corresponding configuration in figure T{b)
{obtained before modification). The effects of the upper—surface
fleps presented herein are believed to be wmaffected by the wing
modification. ' X _ .

During fhe teste extreme vibrations of the model were noted
near meximum 1ift when the upper—surface flaps were deflected. The
intengity of the vibrations 1ncreased ag the span or deflection of
the flap was increased. e
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Shayp leading edge.— In tests of a 60° sweptback delte wing
in the Langley full-gcale tunnel, installing e sharp leading edge
on the inboard sections of the wing brought about a large increase
in the maximum 1ift coefficlent. A similer instsllatlion on this
wing of lower sweepback caused a reductlon in Uy end had a

destabilizing offect on the pitching—moment curve for the conditions
of split flaps off or on. (See £ig., 13.) The sharp leading edge
reduced the maximum value of 0I and cauvsed Oy ‘y to become

¥
positive near Cp . .

Wing-Fuselags Combinations

Characterigtics with lesdine-edee flaps.— Previous tests
(reforence 3) showed that the addition of the fuselage to the wing
without leading-edge devices did not affect the charscteristics
of the wing near O For the wing with leading-esdge devices,

however, where stalling occurred in'boa.rd, the presence of the
fuselage hed importent effects on Gy and on the stabllity

near CI

As in the case of the wing a.lona, the meximum 1ift ooefficients
of the wing-fuselage couwbinations increased rapldly when the span
of the leading-odge flap wes extended inboard and = spen vwas resached
beyond which further increases inboard resulted in unfavorasble
changes in the pitching-moment curve. (See teble IT and fig. 1k,) .
This critical flap span which generally wae lower then that for the

wing alons ranged between 0.575 g- and 0.725 '-g-. The critical flap

gpan was dependent on fuselage position and decreased as the wing
was ralsed on the Tuselage. Ths reason for the reduction in
critical flap spen by the presence of the fuselage may be seen

in the stall disgrams for the wing with 0.725 % fleps in figure 15,

The fuselage in midwing end high-wing positions produced gimilaxr
effects on the stall progression by smoothing the flow over the
inboard portion of the wing until stalling occurred at the tips,
resulting in en unetable sbell. With the fuselage In the low—wing
position, stall Initially occurred in the wing—-fuselage Juncture,
resulting in 2 neutrally stable stall. The necessary decrsass In
flap span with changing fuselage position was counteracted by en
increase in flap effectiveness with regerd to increessing the maximum
1ift coeflficlent. Considering only flap spans which ylelded sabis—
factory pitching-moment cheracteristics, the highest values of Oy
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prossible for this wing wlth leading edge and split flaps end for
the various fuselage combinations ranged from 1,44 to 1.55.
(See table II.)

Adding the fuselage in the midwing or high-wing combinations
decreased the drag coefflclent as it dild iIn the tesgts of reference 3
with split flesps on and leading-edge flaps off, Apparently = highly
fevorable interference effect exlets for these wing-fuselage configu—
rotlong when the split flaps are on the wing., Adding the fuselage
in the low-wing position, however, Increased the drag coefficient
about 0.0725. TUnpublished date obtalned from the tests of this model
showed that with leading-edge flaps added to the low-wing fuselage
combingtion, £illing in the cut—out in the split flaps Increased
the drag ccefficlent about 0.015, If thisg effoect were accounted
for, the remaining increage in drag coefficlent of 0.010 caused
by the low-wing fuselsge would be of the same megnitude ‘as that
observed in the tests of reference 3 and 1s probebly due to adverse
Interference ef? ects.

When upper—surface fenceg were addsed to the midwing fuseloge
combination with either the 0.575 or 0.725 121 span lesding-edge

flaps (teble II), the longitudinel-stabllity characteristics were
Improved. just below the maxlmum 1ift coefficient as a result of
restrlicting the stalled reglons to areas inboard of the fences.

With the 0.725 %-.span flapas, the maximum 1ift coefficlent was

increaged but the fences were not effective enough to keop the
final Tlow breskdown at 25° angle of attack from cccurring at
the wing tips, resulbing in instability at the stall. An
additional second palr of fences located at the O, 4 b &~ 8pan

gtatlion did not improve the characteristics of this combinatiqn.

The results of tests with upper-siurface flaps extending from
ths O, h to 0.7 g-span stations and deflected up 30° on the

mi&wtng-fuselage combination with 0,725 §-—span leading—edge flaps

are sumiarized in table IT. The positive displacement in the
pltching-moment coefficient caused by deflecting the uppsr-seurface
flape, which decreased asg the stall was approached, wes not largs
enough to offset the final unstable break beyond the meximum 1ift
coefficlent, This arrangement of outboard enlit flaps therefore
appears to lmprove thepitching-moment characteristics at the stall
for vnstable configurations where the change in pitching moment

is only slightly poaitive.
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An sttempt was mede to obtain higher C;  valuss while

st1ll controlling tip stall by testing a 0.85 -g--—- span leading-~

edge flap which tapered in chord from zero at the inboard end

to about 0.21c at the outboard endi. The flap was tested on the
wing with normsl epllit flaps and thes midwing fuselsge. The results
(table IT) showed that the tepered flap did mot increase C;

as much as the 0.575 g—-— spon leuding-edge flap nor did it maintain

stability at the stall., The addition of fences on the upper surface
of the wing at the 0.30 and 0.45 % gtations, however, restricted

the stalled aress end eliminated the instability at the sbtall.

Charocterigtice with siats.— The effecte of the fuselage on
the wing- slet combinatlion were gimilsr to those obsserved on the
wing~leading-edge-~flap combination where comparable dets are
available. (See teble II and Ffigs. 16 and 17.)

Tests of the slats with the split flaps removed were made
with the midwing—fusclage combination only, =nd the resulis are
presented in figures 18 and 19. Ths lift curve did not flatten
in the high-lift range as it did with split flaps on, and the 1ift
coe::ficiem: was still increasing at 31° angle of atback for the

0.575 g-—snsn slab, The effects of increasing the slat span to
0.725 h were dotermined for the midwing—fuselage combinction

(fiam 19 and 20), The same ePffects were observed as for the
corresponding leading-edgs .flap configurations with regard to an
increase in the maximum 1ift coefficlent and a deocrease in the
longitudingl stebility at the stall.

Upper-—slirfaca fences had the same effects as were noted for
the fuselage—off slat configuration and the fuseloge—on, leading—-
edge-lep configuretions.

The maximum 1ift coefficlenisg for the slat-fence combinations
were slichtly greater than those for the leeding—edze flaps of
corresponding span, but they occurred at considerably higher angles
of attack, as a result of & large descrease in lift-curve slope
at a mod.era:be angie of attack., Since the useble angles of attack
for landing conditions are usually limited by geometricel considera—
tiong, a comperison of 1lift characterlstics ghould be m=mde at a
constant onple of sttack. On this bagla the leading-edse flap was
supericr to the slat at angles of attack up to 21°," (See figs. 1k,
17, and 19.)
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Thw»ough most of the 1ift range the wvaluee of the drog coef-—
ficlent for the sglab—fence combinetions were ebout 0.0 higher
then thoge for the lsading-edge flaps of corresponding span.

Yaw _characterigtics with lesding-sdue Tlaps.— The character—
istics of the wing in yaw with 0.725 %-—span leading—edrs flana

and semigpan split Flave and the effecte of e midwing fuselage on
those chrracteristics nre presented in figures 21 and 22. Comparison
of flguve 21 with corregponding data from reference 3 shows that
the varlation of tho .lateral-stability parameters, CZ,’ an, and

‘ L

CY with 11ft coefficient 1s ap@roximately the game for the wing
¥

with leading—edge Tlaps ag Tor the wing wilthout the leedlng—edge
#lops but thst the meximum valuss of these persmeters. were incresscd
by an oxtonglon of the lineai portion of the curves to a hilgher
it coerficient. The walue of Cz) cobtained =t a 1ift coefficient

W
of 1.40 wes 0.00%8 corresponding to an effective dihedral of ebout 500
on winge of this nlan form. The midwing fuselege lied apnroximately
the same effect on the lateral—stebility parameters of the wing with
leading-edge Tlap ao on the perameters of the wing without leading-
edge Tlopa.

CONCLUSTIONS'

The results of sn Investigation of several high-—-lift and stall-
control devices on a L42° sweptback wing indicate the following
conclusions:

1. A combination of leading-edee high—1ift devices over the
ouber portion of the wing with trailing-edge flaps over the inner
portion of the wing appears to offer a solution to the problem of
obtaining a ressonable maximum 1lift coefficient and longitudinelly
stable characterigtics at the stall for swenbtbzlk wings. O the
two lesding-edge devices investigated, flap and slat, the leadlng—
edge flap had the better charecteristics.

2, The maximum 1ift coefficient of the wing increased repidly
az the span of the outboard leading-edge flap was oxtendod inhosrd
but 2 span was rrached beycnd which further inciesses Inboard
resulted in unfsvorebls changes in the pitching-moment curve. For
a given Tlap span the meximum 11ft coefficient lncreased above that
for the wing alone as the wing was reiced on the fuselage.
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3. The ingtallation of upper-surface fences for configura-
tions with leading-edge devices improved the longltudinsel stabllity
characteristics Just below the maximumn 1ift coefficient but had
11ttle offect beyond mazimum 1i1ft,

i, Outboard upper-surfece flaps deflected up 30° improved the
pitching-monent characteristics at the atall for -those unsitable
configurations whers only small pltching-moment increases occurred
for angles of attack beyomd the stall. :

5. The lesding-edge flaps caused the lateral-stedbility paramesters
t0 reach larger values near maximim 11Pt by extending the linear
range of the varlation of the paramsters with 11£%t coefflcient.

6. Varying the Reynolds number from 3,000,000 to 6,800,000 had
a negligible effect on the characteristics of the wing with leading-
edge flap or slat.

Langley Memorial Aercnautical Isboratory
Natlonal Advieory Committee for Asronautics
langley Fleld, Va.
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TABLE I.— EFYECTS (F SEVERAL HIGE-LIFT AND STALL-CONTROL IEVICES ON THE OBARACTERISTICS
WA&?WWMM&IMMMW;WM

fr = 6,840,000}
of e
Configuration L;%.i:;g? Omgx | (ang) o%“ st ¢, characteristios gp;e:i ¥ig. no.
(a
o1,
. B 1,0
| S— ore 1.10 18 o.095 | © fh L8 /\ 7(a)
' Ca
byl T
0.575 1.24 25 187 j— \ S 1w
r " .
- n
P —— 725 1,50 27 125 ‘)—__\ 7
T
\
.975 .60 2 Jase P /‘ 7(s)
—_— ofr | 180 | 16.4 188 J = /“' 7(5)
<578 1.40 19 <151 7(0}
| 7
~— \ 725 1.58 e .160 1 — 7 /' 7(b)
: + + —
4976 1,7 25 «188 __/“—_3 /‘ (v}
.{_
—— ore 1.40 16 143 erence
TS /\ 2
575 1.52 19 «155 /\ }.‘m
4;5——'_6 2
(o\ - L - 4' = .
28 | 17| aro 1 : /‘ F.m.,m.l
_ﬁ7 2 '
] + ’ £ "
/Q— 575 1.55 19 .18¢ 1 f———ﬂ /- °
/5 575 | 1. 25 .17 )[_'———j / e
Pences at 0.45 b/2 o

& Outhonrd end of L.E. flap or elat at 0.975 t/2.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABTX IT.— EFFECTS OF A FUSETAGE ON THE CHARACTFRTSTIOS OF A 42° SURPTRACK WING WITH
mct&lmmmmmmmmmm

R = 6,840,000]
[1“3’15!9 /L at Type of
Configuration location a G, characteristics ¥ig. no.
) ca! Clgax Claex O.wa-q Cr, paak
CL
g .5 1.0 1.5
ort 1.40 19 oam | © —— + 14{a}
Cn ——-———-—j
N ral
Low-sing| 1.59 19 .61 14(s)
0. 575h/2~span L.E. flap
' Miawing | 1.44 2 264 14(a)
HEigh-wing] 1.52 o5 .178 14(a}
oze 1.58 24 .160 24(b)
< |Lowning 1.5 2 .168 14(b)
0.725Y/2-apan L.E. flap
Midwing 1.56 2% 160 14(b)
High-wing] 1.68 25 .168 14(1)

1
: (v) f 1.48 bl .163
|0.575‘b/2—span LB, flep| TOvINE [/w

—

! _
: rE ? [ S

| (v) Midwing |  1.68 25 .178 ﬂ—
}0.7251'.\/2—!1;:11 LeE. flap

1} 500

0.725%/2-span L.E. flap| Midwingd  1.57 25 .18 Vﬁ

Upner surface flap
from 0.4b/2 to 0.7b/2

SENINS IS Y IS I

Tapered L. E. fiap Midwing 1.87 19.5 145 —
=~

Tapersd L. E. flap Midwing! 145 19.5| .1se J/ —_

[Fences at 0.50b/2 end

Da450/2

2 gutboard end of L.E. flap at 0.975b/2 NATIONAL ADVISORY

® Fenges located 0.05b/2 outboard of inboard end of L.E. flap COMMITTEE FOR AEROKAUTICS
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TABIX IT.— EFFECTS OF A FUSELAGE ON THE CHARAGTERISTICS OF A 42° SWEPTBACK WING — Concluded
[& = 6,840,000]
Fuselage -1 D/L at Type of
conf%ﬁv;uuon Tose. OLaax Clmax | o Gy obaracteristics P Fig. no.
CrL
0 .5 1.0 1.6
ofe 1,35 19 |oase |[© — * t 1g
/q— -t
0.575b/2-8pan alat t —+ —
1.58 22 1682 _/______1 /v 18
+
o —_ 1 ‘|‘- .
Midwing | 1.48 5 .168 l/ffJ\ /_, 18
r
High-wing 1.48 28 175 /_/Y— /- 18
oze 1.41 25 257 _‘ __,___.__! /‘ 17
—!—-——--l————,——r—_
/%3 Low-wing 1.45 51 W7 /-/ 17
0,575h/2-apan slat 'l
PR — =
Midwing 1.52 51 188 /-"L /-/ 1y
+
hwing|  1.58 26 .198 //B /‘\ 17
!
P oot
Midwing |  1.48 .
0.575h/2-span slat 4 & £80 +/_J\ / 18
P f—t———r
) Midwing| 1.48 51 .268 / 1
0.675h/2-8pan slat /_\
/ et ———
0.726b/2-span alat Midwing 1.48 29 <200 / 1
=
” C?
0.725b/2-span slat Midwing| 1.54 28 172 t ' * / 19
/@
(6) e Jo—
0.725b/2-span slat Midwing 1.68 28 «202 1
& Outboard end of mlat at 0.875h/2 NATIONAL ADVISORY
P Fances located 0.06%/2 outboard of intoard end of slat COMMITTEE FOR AERONAUTICS

° Pances located 0.055/2 and 0.204/2 outboard of inboard end of slat
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Figure 2.— Geomefry of 42  swept-back wing and fuseloge. Aspect .

ratio = 4.0/; taper ratio =0.625; area= 4643 sq in.; =347 in. No
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bekind ving keading edge

Section O~ (enkbrged)

(c) Normal split flap

Section A~A (enbrged)

() Leading-edge lap N

Tongent fine at 280

chord lower Surfocs
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Section E—E fentrgad')

(e) Extended split flap

Qoi3 ¢ '7;‘0. O4e
|— B
- 4 bomse | Rl
005 ¢ .

[———56,54
Section B—B (enkrgad)

(b) Slat

Section F-F (enborged }

(P Upper surface flap

Qs Max. owlolf thickness

j—[ Q.05 ¢
Section 6-6 ferkrgaed) I [__205_..
HATMl’l.umoﬂYu W.f
(c} Topered leading-edge Flap o (@Upper surfoce fences = _|

Figure 3.-Details of high-lift ard stoll-cantro/ devices
on 42" swepiback wiryg
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NACA LMAL 0992 7

Figure 4.~ Leading-edge flap mounted on wing.
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\

NACA LMAL 51410

(2) O.725§-span slat on wing with midwing fuselage.

)

2

(b) O.575§-span slat and upper surface fences on wing alone.

Figure 5.- Installation of slat on wing.
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(a) Front view of high-wing fuselage combination on normal supports,

1414

Figure 6.- Model mounted in Langley 19-foot pressure tunnel,







Rear view of midwing fuselage combination on yaw support,

Figure 6,~ Concluded.
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33| Cross flow \ “yJRough flow ///

S

1{2)
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COMMITTEE FOR ADROWLTKS

(a) Leading-edge flaps off.

Intermittently
stafled

<-4 Completely
>4 stalled

16

7 G =137

=204
(b} Leading-edge flgp on.
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Figure 8~ Effect of 0575-% span leading-edge Flap on stalling
characteristics of 42° sweptback wing with split Fflaps.

R=6,840,000.



[l

-

Tpura §.- rerodynemic characteristics of a L2°
flsps on: R » 6,840,000,

(43

B0DLT "ON WY VOVN




NACA RM No. L7G09
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\\;\‘.. Gross flow [ANsJRough flow WA sfg“z;en ¥ X sialFI)ed d
L6

L2 A A

8-
G N /Cm

C=214

| C=134 =24
(a) Ferices off

(b) Fences on
NATIONAL ADVISORY
COMMITTEE FOR ADONASTICS.

Figure /0.~ Effect of upper-surface féences on stalling
characteristics of 42° sweptback wing with 0.575 -29-
span slaf and split flaps. R=6,840,000.
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Flgure L .= Asrodynamio charagtaris
Normal split flaps on; H = 6,8,0,000

(a) 0-575;-5;!“ 1. . flap.
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N\ N 7, htemiﬁenﬂy Completely
| Cross flow Ny Rough flow //// stalled % ctalled
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(c) 0.725 £ span leading-edge

() 0.725% span leading-edge Flap; mid-wing Fuselage.
flap; low-wing fuselage.

flap; mid-wing fuselage .

Figure 15— Effect of leading-edge Flap span and fuselage
position on stalling choracteristics of 42° sweptback
wing with split flaps. R=6,840,000.
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with Cp for s L2° awepttack
O.?Z%—sp&n leading-edgs fleps

.

FEaFeb
Cn > 80d
wruulage.
,350,000.
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Figure 21 .- Varletion of Cy
wipg with and without a m
and normal split flaps on; R =
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=

Fuselage
locatlion

i-Q- off
jd & mid-wing

(a) Cy, Cp, and G agalnst

Figure 22 .~ Aerodynamlc charecteriatios in yaw of a [j2° sweptback wing with
and without s mid-wing fuselage. 0.725}3;;011 leading-edge fldpas and
normal split flaps on; a = 19.5% R = h,%50,000.
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